Single-Photon LIF: A new benchmark for
measurements of atmospheric nitric oxide

Andrew Rollins, NOAA/CSL

* New spectroscopic techniqgue for measuring NO
well suited for aircraft or monitoring applications

 Significantly lower uncertainties at NO < ~20 ppt
compared to chemiluminescence

* Potential for real-time measurements of NO
isotope ratios



NO: Central to tropospheric ozone production
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Air quality control strategies hinge
on understanding O; production
chemistry and sources of NO,

Farmer et al, ACP 2011



NO: Central to OH production and VOC degradation

OH RO, RONO,
Main production term for OH NO Controls product distribution
in most of the atmosphere from oxidation of VOCs
HO, RO,
 *
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Need for measurements of very low NO
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“The inter-model differences
in tropospheric OH burden
and vertical distributions are
mainly determined by the
differences in the nitrogen
oxide (NO) distributions”
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Inter-model comparison of global hydroxyl radical (OH)
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Need for measurements of very low NO
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Need for measurements of very low NO

Figure from David Miller, Penn.
State

Sensitivity of modeled OH to ATom
measurement uncertainties
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Chemiluminescence: Ridley et al 1972, 1974, ...

%4—_ Air

NO + 0, -> NO,
NO,” -> NO, + hv (A > 650 nm)
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Typical signal rates 5-10 cps / ppt
Typical background 500-1000 cps
Cosmic ray background varies with
altitude and latitude

O, related background decreases
during operation

Ryerson

80 120 160
NO cosmic ray background (pptv)



Laser Induced Fluorescence

, Laser
Air

N

NO + hv -> NO”
NO* -> NO + hv’

 Typical signal rate 10 cps / ppt
* Typical background 10 cps
* Background is low and

relatively stable throughout
operation
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Reference Cell

0.01 s measurement and reference signals
—— online
—=— offline
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Detection limit / artifact test

Xo = 0.19 pptv
* NO is calculated using online — 0 =0.38 pptv
offline without any other zero Distribution of 1-Hz

determination measurements over 1 hr

* Laboratory measurements of
chemically scrubbed (KMnQ,)
zero air indicate sampling
artifact is < 0.2 ppt.
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20 1 Hz detection limit < 1 ppt




DC-8 rack installation of two-channel LIF instrument
Deployed during FIREX-AQ, July/August 2019

e ~20” vertical rack space

110 lbs

e 2-sigma detection limit for 1s integration is ~ 1 ppt
e Accuracy 6 — 10 % depending on humidity

* For FIREX, shared inlet with ISAF
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Fiber Laser system

Custom-built fiber laser system
produces ~1 mW @ 215 nm

Feedback m

Combiner

DBR: Distributed Bragg Reflector laser
WDM: Wavelength Division Multiplexor
PD: Photodiode

CPS: Cladding Power Stripper

BPF: Bandpass Filter




FIREX Comparison with Ryerson CL Instrument on DC-8
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FIREX Comparison with Ryerson CL Instrument on DC-8
Fire Plume
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FIREX Comparison with Ryerson CL Instrument on DC-8
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Long-Term / Monitoring Use

Instrument used in 2-channel mode to measure NO and NO, for
continuous operation > 2 months during CSL COVID-AQS
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Ongoing work: NO isotopologues
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Summary

* New single-photon LIF scheme
developed and demonstrated on DC-8
to be a reliable alternative to
chemiluminescence | \' A

e SP-LIF has practical advantages over | ”l'f '\ i‘ : Al
CL including size, weight, operator | '
effort and consumables

* Detection limitis< 1 pptforls
integration
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uncertainties due to background are < * Tom Ryerson
1 ppt * |lann Bourgeois
* Potential for NO isotope ratio e Joff Peischl
measurements

e Steve Brown
* Pam Rickly



